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1

PREDICTING CANDIDATES USING INPUT
SCOPES

BACKGROUND

Computing devices, imncluding handheld mobile devices,
have become essential tools for both business and personal
uses. The size and portability of handheld mobile devices
make them particularly attractive to users. Advances 1n com-
puting power and storage capacity have made handheld com-
puting devices even more attractive. However, the limited size
of some mput controls and displays can adversely affect the
user experience. For example, handheld devices tend to have
input devices with small form factors that can be awkward to
use, such as a 12-key keypad or T9 type interface. Corre-
spondingly, 1t may be more difficult and require more time to
manually enter inputs due 1n part to the type of input device.
Text prediction methods have been developed to try and
reduce the amount of manual input required by application
users, mncluding handheld applications users.

SUMMARY

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This summary 1s not mtended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t mtended as an aid 1in determining the
scope of the claimed subject matter.

Embodiments are configured to provide one or more can-
didates based 1n part on an input 1dentifier associated with an
input interface. In an embodiment, a system includes an input
method editor (IME) that can be configured to provide one or
more candidates based in part on a prediction model and one
or more 1nput scope values associated with an input interface.
The IME can be further configured to store an entered string
including one or more associated input scope values to a
storage component. The stored information can be used when
suggesting candidates.

These and other features and advantages will be apparent
from a reading of the following detailed description and a
review of the associated drawings. It 1s to be understood that
both the foregoing general description and the following
detailed description are explanatory only and are not restric-
tive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram of an example system to provide
information.

FIGS. 2A and 2B depict an example of a computing device
illustrating a presentation of one or more suggested candi-
dates.

FI1G. 3 1s a flow diagram 1llustrating an example of provid-
ing information based 1n part on an input identifier.

FI1G. 4 15 a flow diagram that illustrates an example ol using
an IME 1n conjunction with a plurality of applications to
present one or more candidates to a user based 1n part on an
input scope value.

FIG. 5 15 a block diagram 1llustrating an exemplary com-
puting environment for implementation of various embodi-
ments described herein.

DETAILED DESCRIPTION

Embodiments are configured to provide one or more can-
didates based in part on an input 1dentifier associated with an
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2

input interface. In an embodiment, a system includes an input
method editor (IME) having a prediction component that can
be configured to provide one or more potential candidates
based 1n part on a prediction model. The IME can refine the
prediction by presenting one or more candidates based 1n part
on one or more input scope values associated with an mput
interface. For example, a computing device can include the
IME for use across applications executing on the computing
device.

The IME can be further configured to store an entered
string including one or more associated input scope values to
a storage component. The stored information can be used
when predicting future candidates based in part on an input
scope value or values associated with a particular input inter-
face. The IME can be used in conjunction with a variety of
applications, input methods and types. For example, the func-
tionality of the IME can be used with text-based applications
having keyed input controls, handwritten-based or inking
applications, speech-based applications, and other applica-
tions that can be configured to recerve user mput. The func-
tionality of the IME can also be used with multiple languages.

In one embodiment, a mobile computing device includes
an IME application having executable instructions that can be
executed to present one or more candidates as part of a can-
didate window that 1s associated with an mnput interface. The
IME application can operate to predict the one or more can-
didates based in part on a prefix matching determination
using mput history data and an mput scope value associated
with the mput interface of an application. The IME applica-
tion can operate to store user input including an associated
input scope to an mput history builer or other memory. The
IME application can be used with different input types, such
as handwritten input, speech input, typed input, or some other
type of 1nput.

In another embodiment, a software application can be con-
figured to provide one or more candidates based 1n part on an
input scope value or values across a plurality of disparate
applications. The software application can operate to deter-
mine a word, phrase, or other string that a user 1s attempting
to input into one or more of the disparate applications to assist
the user to 1nput the information faster and with less effort.
The software application can be installed on a computing
device and used to provide text prediction, handwriting pre-
diction, vocalized prediction, and other types of candidate
prediction. The solftware application can be used to suggest
one or more candidates based 1n part on user input, such as
typed input, spoken input, or handwritten input for example.

FIG. 1 1s a block diagram of a system 100, according to an
embodiment. As described below, components of the system
100 can be configured to provide one or more candidates
based 1n part on an input identifier associated with an input
interface. For example, the system 100 can operate to present
strings, such as words, phrases, compound words, acronyms,
number sequences, and/or other information representations
to a user based 1 part on the user’s input, such as handwritten,
spoken, typed, or another type of input. The system 100 can
be used with various types of iputs, including different lan-
guage models and input methods. As described below, 1n
various embodiments, one or more input scope values can be
associated with an 1put interface, such as an input field or
editable control that 1s configured to receive a user’s mnput.
For example, an mput field of an application can be tagged
with one or more 1put scope values which can be used when
providing one or more candidates to a user.

As shown 1n FIG. 1, the system 100 includes an 1nput
method editor (IME) 102 that can operate to provide one or
more candidates based 1n part on an input scope associated
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with an iput interface of an application or other component.
For example, the IME 102 can be used 1n conjunction with a
number ol applications running on a computing device to
predict and suggest one or more words or other strings to a
user based 1n part on an input scope value assigned to an input
field of an application. The IME 102 includes a prediction
component 104 that can be used to predict one or more poten-
t1al candidates as part of an input operation, but the prediction
component 104 1s not so limited.

In an embodiment, the prediction component 104 includes
a prediction model or algorithm that can be used to predict
candidates based 1n part on user input to an editable field of an
application. For example, the prediction component 104 can
operate to return one or more potential candidates, such as

candidate strings, based 1n part on an associated predictive
probability which can include usage frequency parameters,
statistical parameters, n-gram and/or other probability mod-
els, etc.

In one embodiment, the prediction component 104
includes an nput history candidate provider (IHCP) that can
operate to predict candidates using a prefix matching deter-
mination to identily candidates by matching one or more
input characters with strings that are stored in the storage
component 106. The IME 102 can further refine candidates to
be presented to a user by using one or more 1nput scope values
to filter the predicted or potential candidates provided by the
prediction component 104. In another embodiment, the pre-
diction component 104 can include the refining or filtering
tunctionality of the IME 102.

The system 100 also includes a storage component 106,
such as a memory or other storage device. The storage com-
ponent 106 can be a local store, a remote store, or some
combination thereof for storing information. For example,
the storage component 106 can include random access
memory (RAM), read-only memory (ROM), flash memory,
and/or some other type of memory. As shown in FIG. 1, the
storage component 106 includes an input history store 108, a
fixed data store 110, and a dictionary 112. In one embodi-
ment, the fixed data store 110 includes one or more fixed data
sets that include data that does not change, such as month
names, weekday names, etc. An mput scope value or values
can be associated with certain 1mput interfaces to i1dentify
fixed data types so that the IME 102 can use the fixed data
store 110 when suggesting candidates. In one embodiment,
the dictionary 112 includes statistical information associated
with a probability of certain words appearing in proximity to
other words.

The mput history store 108 includes input history data and
input scope mformation associated with the mput history
data. In one embodiment, the input history store 108 includes
data, such as strings for example, that a user has previously
entered or selected from a candidate list, but 1s not so limited.
The 1nput history store 108 can also include statistical infor-
mation regarding the probability of one string appearing in
proximity to another string. A string can refer to a sequence of
one or more alphanumeric characters and/or symbols includ-
ing words, compound words, phrases, Internet addresses,
email addresses, telephone numbers, passwords, credit card
numbers, street addresses, etc.

Input Scope
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The input scope information can be stored with the input
history data to identify a data type or input type that can be
used when filtering predicted candidates, but1s not so limaited.
Moreover, input scope information can also be preconfigured
for the static dictionary data. In one embodiment, an 1nput
scope value (see Table 1 below) can be stored 1n the input
history store 108 with each entered string to identily a data

type or mput type that can be used when providing one or
more candidates to a user. For example, the IME 102 can use

an application programming interface (API) to identily an
input scope value that 1s associated with an 1nput field of an
application, wherein the IME 102 can store the identified
input scope value with associated data in the mput history
store 108.

Moreover, an 1dentified input scope value can be used to
refine or filter predicted or potential candidates provided by
the prediction component 104, so that the most relevant can-
didates are presented to the user based in part on an associated
input scope value. In one embodiment, the input history data
can be stored separately from the input scope information and
pointers or links can be used to associate certain data with one
or more mput scopes. In another embodiment, the mput his-
tory store 108 can include input scope containers that include
input history data, wherein each input scope container
includes a data set of input data associated with the particular
iput scope.

As described below, an input scope value can be used when
suggesting one or more strings or candidates from the 1nput
history store 108. For example, the IME 102 can operate to
suggest one more candidates to a user which have an input
scope value that 1s the same as the mput scope value that 1s
associated with the mput interface that a user i1s currently
using to enter some string. The IME 102 can also operate to
check the dictionary 112 and/or fixed data store 110, when
appropriate, to 1dentily one or more candidates that match a
given prefix that the user has typed so far 11 the IME 102 does
not find enough candidates in the input history store 108 to fill
a candidate suggestion interface with a designated number of
candidates. The IME 102 can add any additional candidates to
the candidate suggestion interface until the maximum num-
ber of candidates allowed to be presented 1s reached.

However, 11 a default input scope value 1s associated with
an mput interface, the IME 102 can operate to provide one or
more candidates from the mput history store 108 without
limiting to a particular input scope value. That 1s, when a
default value 1s associated with a current input interface being
used by a user to input one or more characters (1.¢., the input
interface has focus), the IME 102 operates to provide one or
more candidates using the input history data, with certain
exceptions, from the input history store 108 and static data
from the dictionary 112, based 1n part on the user input. In
some cases, the IME 102 can operate to exclude certain can-
didates or all candidates associated with certain iput scope
values from being suggested that may not make sense in the
current context. For example, the IME 102 can be configured
to exclude candidates tagged with an mput resource locator
(URL) 1mput scope value when a user 1s entering text in an
email message body that includes a default value.

According to one embodiment, the following iput scope
values shown in Table 1 can be used to identily an input scope,
such as a data type or input type for example:

TABLE 1
Description Value
Default type 0x0000
Uniform Resource Locator 0Ox0001
File path 0x0002
File name Ox0003
Email username Ox0004
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TABLE 1-continued

Input Scope Description

SMTP email address
User login name
User full name

User name prefix
User given name

IS__EMAIL__SMTPEMAILADDRESS

IS LOGINNAME

IS__ PERSONALNAME__FULLNAME

IS_ PERSONALNAME_ PREFIX

IS PERSONALNAME__GIVENNAME

IS PERSONALNAME__MIDDLENAME
IS PERSONALNAME__SURNAME

IS PERSONALNAME_SUFFIX
IS__ADDRESS__FULLPOSTALADDRESS
IS__ADDRESS__POSTALCODE
IS_ADDRESS_STREET
IS_ADDRESS__STATEORPROVINCE
IS_ADDRESS_CITY
IS_ADDRESS__COUNTRYNAME

IS __ADDRESS COUNTRYSHORTNAME
IS CURRENCY_AMOUNTANDSYMBOL

User surname
User name suthix

Zip code

Street address

State or Province
City

Country

Country abbreviated
Currency amount and
symbol

IS CURRENCY_ AMOUNT Currency amount
IS_ DATE FULLDATE
IS__DATE MONTH
IS__ DATE DAY

IS_ DATE_ YEAR

ISs__ DATE. MONTHNAME

Month (numerical)
Day (numerical)
Year (numerical)
Month name

IS_ DATE__DAYNAME Day name

IS_ DIGITS Digit

IS NUMBER Number

IS_. ONECHAR Single character
IS__ PASSWORD Password

IS TELEPHONE_FULLTELEPHONENUMBER
IS TELEPHONE COUNTRYCODE

IS TELEPHONE__ARBACODE

IS TELEPHONE_ LOCALNUMBER

Country code
Area code

Is_TIME FULLTIME Time

IS TIME HOUR Hour

IS TIME_MINORSEC Minutes or seconds
IS NUMBER FULLWIDTH Number

IS ALPHANUMERIC HALFWIDTH Alphanumeric
IS ALPHANUMERIC FULLWIDTH Alphanumeric

IS CURRENCY_CHINESE Chinese currency
IS BOPOMOFO Mandarin type

IS HIRAGANA lapanese type

IS KATAKANA HALFWIDTH lapanese type
IS. KATAKANA FULILWIDTH lapanese type
IS__ HANIJA Chinese type

IS YOMI lapanese type

With continuing reference to FIG. 1, the system 100 also
includes a number of applications 114(1)-114(2) (where n=0,
1,2,...). One ormore of the applications 114(1)-114(7) can
be resident on an associated computing device, such as a
handheld device, and/or other applications can be accessed
remotely across one or more networks or other communica-
tion means. Application 114(1) includes input interfaces 116
(1) through 116(»), Application 114(2) includes mput inter-
faces 118(1) through 118(7), and Application 114() includes
input terfaces 120(1) through 120(7). For example, appli-
cations 114(1) and 114(2) may correspond to a web-based
search engine application and an email application respec-
tively, while application 114(») may correspond to a web-
based banking application.

As shown 1n FIG. 1, each one of the respective input inter-
faces can include one or more associated input scope values.
That 1s, a plurality of input scope values can also be assigned
to a particular mmput interface, as described below. For
example, an input interface, such as an mput field, may direct
a user to enter a city, state, a zip code, and a country, wherein
associated input scope values can be assigned or tagged to the
input field. Correspondingly, input scope values can be asso-
ciated with the input interface and used to provide one or
more candidates to the user for selection, which can reduce
the amount of 1nput operations required by the user.
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g Om e Y

In an embodiment, the IME 102 can operate to provide one
or more candidates associated with an input interface having
a plurality of input scope values associated therewith. Input
from such an interface can be used to provide one or more
candidates 1n other input interfaces that include the same set
of mput scope values or a superset of the mput scope values
included 1n the original interface. When a user enters a string
into an input interface, the IME 102 can operate to store
multiple input scope values per string entry and tag the asso-
ciated mput data with each of the input scope values associ-
ated with the mnput interface. Thereafter, when suggesting one
or more candidates as part of an mput to an input interface
having a plurality of mput scope values, the IME 102 can
determine whether the mput scope values associated with a
potential candidate are the same as or a subset of the input
scope values of the associated input interface currently being
used.

For example, consider an input field that has been tagged
with a “city” mnput scope value and with a “state’” input scope
value. That 1s, the mput field has been configured to receive
inputs associated with city or state names. If a user enters the
word “Idaho” 1n this mnput field, the IME 102 can operate to
store the string 1n the mput history store 108 with the city
input scope value and the state mput scope value. “Idaho™
would then be provided as a suggested candidate when a user
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subsequently enters one or more prefix matching characters
in an mput field that includes the “city” and “state” input
scope values or a superset of these values (e.g., input field
includes “city”, “state”, and “country” input scope values). In
an alternative embodiment, the IME 102 can operate to store
an entered string multiple times for each associated nput
scope value associated with a multi-valued mput field.

For the example above, the IME 102 can store the string
“Idaho™ twice; once with a city mput scope value and again
with a state input scope value. The two “Idaho” entries can be
linked together to avoid presenting “Idaho” as a candidate for
“City”” 1nput fields, or for “State” input fields (note that we
should not present “Idaho™ for “State” fields because we do
not actually know whether the entry 1s meant to indicate a city
or a state). The linking can be accomplished by including a
pointer with each entry. The first entry should include a
pointer to the second entry, the second entry should include a
pointer to the third entry, and so on, until the last entry which
should 1include a pointer linking back to the first entry. When
the entries are so linked, they will form a circular linked list of
entries within the input history store 108. The IME 102 can
then traverse this circular list to identily the set of input scopes
that were defined for the input interface where the word was
entered. Using this information, the IME 102 can operate to
suggest the string “Idaho™ 1n “City or State” or “City or State
or ZIP” mput fields.

In one embodiment, once a user has entered a string (e.g.,
clicked a button to enter the string in an associated input field,
tabbed to a different iput field, etc.) or selected a candidate
from a candidate window (e.g., used a stylus to tap and select
a candidate, etc.) associated with an mput interface having a
plurality of input scopes, the IME 102 can operate to store the
entered string or selected candidate to the input history store
108 with a default input scope value. In another embodiment,
the IME 102 can operate to store the entered string or selected
candidate to the input history store 108 with each of the input
scope values associated with the input interface, as described
above. For example, the IME 102 can operate to store a
selected candidate as: “selected candidate AND (input scope
value 1 or 1nput scope value 2 or input scope value 3)”.

In an embodiment, the IME 102 can operate to present
candidates from the input history store 108 which have any of
a plurality of input scope values associated with an 1nput
interface currently being used as part of refining a prediction
of potential candidates predicted by the prediction compo-
nent 104. Accordingly, the IME 102 can operate to present
candidates that are most likely relevant to what the user 1s
attempting to enter in the current mmput interface. For
example, assume that an mnput field has been tagged with a
“city” mput scope value and a “state” input scope value. That
1s, the mnput field has been assigned two 1nput scope values,
wherein each of the input scope values can be used to present
predicted candidates.

When presenting candidates to the user, the IME 102 can
operate to present or suggest candidates from the input his-
tory store 108 that include either city or state names that
match the text entered so far in the input field. Continuing this
example, a user might enter “S” and the IME 102 can operate
to present a city, such as “Seattle”, and a state, such as “South
Dakota™, as candidates in a candidate window or other selec-
tion interface associated with the mput field. The user can
select a presented candidate or can enter a different string
according to the particular situation. The IME 102 can store
the selected candidate and/or update a probability associated
with the selected candidate, or entered string along with the
associated 1mput scope value or values to the mput history
store 108.
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As described above, as a user enters one or more characters
of an undetermined input stream or string 1n an mput nter-
face, the IME 102 uses the prediction component 104 to
predict potential candidates, such as a string or strings. The
potential candidates can be further refined by using an input
scope value or values to limit which candidates are ultimately
presented to the user. For example, the IME 102 can operate
to present relevant candidates while limiting the presentation
of irrelevant candidates by using one or more mput scope
values as a refinement tool, which can reduce the number of
input operations required by the user.

Correspondingly, the IME 102 can assist the user when
entering a string or strings by reducing the amount of key-
strokes, pen strokes, or other inputs as part of an input opera-
tion. For example, the IME 102 can use the prediction com-
ponent 104 to predict one or more potential words or
numerical strings based on a prefix match against what text
the user has entered so far into an input field and/or other
statistical information stored 1n the input history store 108. As
another example, a user, using handwritten imput, can tap the
display to select a word presented by the IME 102 based 1n
part on one or more handwritten inputs and an associated
input scope value, which can result 1n a reduction of the
amount of pen strokes required to enter a desired word.

In an alternative embodiment, the IME 102 can operate to
present one or more candidates to a user without any user
input as long as the input iterface 1s in focus (e.g., the cursor
1s 1n an 1nput field). In this embodiment, the IME 102 can
present one or more candidates based on an mnput scope value
or values associated with the input interface. For example, the
IME 102 can automatically suggest first names from the input
history store 108 when a user places a cursor 1n an mput field
having a first name 1nput scope value.

According to an embodiment, 1n addition to suggesting
candidates as part of entering a string into one input interface,
a grouping ol such input interfaces can be tagged as a class.
For example, a Name and Address class can use the mput of
several fields such as First Name, L.ast Name, Street Address,
City, State, Zip Code and Country which can be grouped and
saved together. The grouping can be referred to an input scope
class. An input scope class can be used to auto complete forms
that are asking for the same or similar sets of data.

An example of this retrieval would be when filling out a
webpage requesting the Name and Address of an individual.
When a user starts typing in the First Name nput field, the
IME 102 can operate to present a predicted first name along

with all of the associated data for each field of the mnput scope
class. When such a candidate 1s selected, the IME 102 can
operate to automatically populate the Last Name, Street
Address, City, State, Zip Code, and Country fields with the
data associated with the mput scope class. Correspondingly,
the amount of time required to enter data for multiple fields of
an associated input class can be reduced. Moreover, the num-
ber of data input operations are also reduced as compared to
having to enter data into each field one at a time.

In one embodiment, a database component can be included
with the storage component 106 and used to track input scope
classes and instances of the mput scope classes that have
previously been entered. An instance of an mput scope class
can consist of a set of strings, wherein the number of strings
1s equal to the number of iput scope values that define the
input scope class. Each string corresponds to one of the input
scope values. For example, the database of mput scope
classes and associated instances can be used when suggesting
one or more candidates, including automatically completing
the mnput fields with suggested candidates, such as for forms
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which contain multiple input fields, wherein each input field
has a unique input scope value.

As one example, assume that there 1s only one mput scope
value associated with each input field of a form which con-
tains a plurality of mput fields. An mput scope class can be
defined by the set of mput scope values associated with the
plurality of input fields for the form. Changing the order of the
input scope values does not change the definition of the class.
Table 2 below provides an example of a “first name, last
name, city, state” iput scope class and two 1nstances of such
as class.

TABLE 2

InputScope Class

10

10

input controls that are tagged with 1input scope values. The
grammars can be weighted or restricted to favor words that
had previously been entered 1n fields tagged with the same
input scope values.

For example, consider a speech grammar set on an input
control that includes the names Don and Tom. These names
can be difficult for a speech recognition engine to differenti-
ate. However, 11 the input control 1s tagged with the IS_PER-
SONALNAME_GIVENNAME input scope value, and the
user has entered Tom (and not Don) in other input controls
tagged with this mput scope value, then the IME 102 can

InputScope Class

InputScope Class Definition Instance 1 Instance 2
IS_ PERSONALNAME_ GIVFNNAME “John” “Jane”

IS_ PERSONALNAME_SURNAME “Doe” “Smith”
IS__ADDRESS  CITY “Reardon” “lTacoma”™
IS__ADDRESS_STATEORPROVINCE “Washington”™ “Washington”

In an embodiment, an application can register a class with
the system 100 to enable mput scope class prediction for an
associated form or other imnterface. An API can be used to pass
a list of edit controls or input fields associated with an mput
scope class for the application. Thereatter, the IME 102 can
use an API to obtain input scope values associated with edit
controls or mput fields. The IME 102 can identily the input
scope class using the obtained mput scope values for the edit
controls or fields. When one of the edit controls or fields in the
form subsequently recerves focus, the IME 102 can operate to
identify that the control or field 1s a member of a registered
input scope class.

Assuming the sample input scope class shown 1n Table 2,
and that a user entered “J” 1n the “first name” field of the form.
As part of the suggestion functionality, the IME 102 can

present the user with a prediction candidate that would
include all of the strings 1n “Instance 1”7 of the input scope
class of Table 2. The IME 102 can operate to 1identily candi-
dates of 1nput scope classes that are a logical superset of a
target 1nput scope class. In most cases, a subset of each
instance of these classes, 1f they exist in the database compo-
nent, will correspond to a valid instance of the target input
scope class. The IME 102 can also present additional, single-
word candidates from the input history store 108 as described
above. If the user selects “John, Doe, Reardon, Wash.” from
the candidate list, the IME 102 can operate to populate all four
fields of the form that map to each field of the associated input
scope class.

When the user submits the form, and i1t the class instance 1s
new, the IME 102 can operate to save the new instance of the
input scope class to the database component. If the new
instance matches an existing instance (1.e. the mstance 1s not
really new), the IME 102 can ignore the instance without a
store operation. In another embodiment, an application can be
configured to specily a subset of input scope values belonging
to an mput scope class and a format string to use when
displaying candidates as part of the registration of an 1put
scope class with the system 100. As an example, the IME 102
can then operate to present candidates as “John Doe™ instead
of “John, Doe, Reardon, Wash.”.

As described above, components of the system 100 can
also be used to predict and suggest candidates for other types
of input methods. In an embodiment, the IME 102 can be used
to 1mprove accuracy for Speech Recognition (SR), by
restricting or weighting SR grammars that are associated with
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operate to suggest Tom as a more likely candidate and weight
the grammar 1n favor of this name. Correspondingly, the IME
102 can use the input scope values and weighting or restric-
tion operations to reduce misrecognitions of spoken inputs
(e.g., Tom as Don (a substitution error)).

Various devices, systems, and interfaces, such as
QWERTY keyboard devices, 12-key devices, and other input
devices can use the aforementioned functionality to provide
one or more suggested candidates based 1n part on a user
input, such as one or more mput characters. For example, for
a 12-key device, when a user presses “2”°, the user may be
attempting to mput a string that begins with an “A”, “B”, or a
“C”. Multiple key presses can result 1n more potential com-
binations. For example, “227” could be the prefix “car”,
“bar”, “cap”, etc. By associating an input scope identifier with
an input field or other interface, the potential candidates can
be limited accordingly. For example, 11 a user 1s tying “227”
into a zip code field using a 12-key device, the IME 102 will
only present numeric strings since a zip code mput scope
value 1s associated with the input field.

As described above, components of the system 100 can be
used to present or suggest one or more candidates based in
part on an input identifier 1n the context of one or more
applications, including email applications, browsing applica-
tions, texting applications, mking applications, application
with forms to be submitted, speech-based applications, and/
or some other application or implementation. For example,
components of the system 100 can operate to predict words,
number sequences, alphanumeric sequences, phrases, and
other strings or sequences based in part on handwritten input,
typed 1nput, speech mput, and/or other types of input in con-
junction with an input scope value or values. One or more
candidates can be displayed on a user device, such as a laptop,
desktop, smart phone, or other computing or communication
device.

Components of system 100 described above can be imple-
mented as part of networked, distributed, and/or other com-
puter-implemented and communication environments. The
system 100 can be employed 1n a variety of computing envi-
ronments and applications. For example, the system 100 can
used with computing devices having networking, security,
and other communication components configured to provide
communication functionality with other computing and/or
communication devices. Such computing devices include
desktop computers, laptop computers, tablet computers,
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handheld devices (e.g. smart phone, personal data assistant
(PDA), ultra-mobile personal computer, etc.), and/or other
devices and systems.

The embodiments described herein can be used with a
number of applications, systems, and other devices and are
not limited to any particular implementation or architecture.
Moreover, certain components and functionalities can be
implemented either in hardware or software. While certain
embodiments include software implementations, they are not
so limited and they encompass hardware, or mixed hardware/
software solutions. Also, while certain data structures, com-
ponent features, and predictive functionality has been
described herein, the embodiments are not so limited and can
include more complex data structures, features, and other
functionality. Accordingly, the embodiments and examples
described herein are not intended to be limiting and other
embodiments are available.

Referring now to FIGS. 2A and 2B, an example of using
one or more mput scope values to present one or more can-
didates to a user 1s shown. A display 200 of a mobile com-
puting device 1s shown 1n FIGS. 2A and 2B. As shown 1n FIG.
2A, auser 1s using a search application 202 to search the web
for some mformation. In this example, the user has entered
the text “Spider-man Spandex™ 1n a search window 204 hav-
ing a default input scope attribute and associated value and a
city “Spokane” 1n a city window 206 having a city input scope
attribute and associated value. After entering the text, the IME
102 operates to store the strings “Spider-man’ and “Spandex”
with default mput scope values, and the string “Spokane”
with the city input scope value to the mput history store 108.

Next, as part of a subsequent search, the user enters the text
“Salty Seatood” in the search window 204 and “Seattle” 1n
the city window 206 of the search application 202 and
executes the search. The IME 102 has stored the strings “Salt”
and “Seafood” with default input scope values, and “Seattle”
with the city input scope value to the mput history store 108.
For this example, the input history store 108 now includes six
strings which begin with the letter “S”. Moreover, Seattle and
Spokane were stored with an input scope value corresponding
to the city attribute due to the associated city window 206 tag,
and the remaining words were stored with an mput scope
value corresponding to the default attribute due to the asso-
ciated search window 204 tag. While the words are stored as
unitary strings, the IME 102 can also store data as phrases,
classes, and other data structures.

As shown 1 FIG. 2B, the user 1s now using a weather
application 208 to determine weather information associated
with a city. While one application i1s shown 1n FIGS. 2A and
2B, the applications may both be open at the same time, and
the mobile device may also have other applications open
and/or running. For this example, the user has entered the
letter “S” 1into a city window 210 which also includes the city
input scope attribute and associated value. The cursor 214
illustrates that the city window 210 has focus and the user has
not yet entered a complete word or selected a candidate.

As part of the suggestion process and using the input char-
acter “S”, the IME 102 uses the prediction component 104 to
provide two potential candidates, “Spokane™ and “Seattle”, in
a candidate window 212 based 1n part on a prefix matching
determination against input data of the input history store 108
having the city input scope value. As described above, the
prediction component 104 can also be configured to operate
with a different type of predictive functionality. For example,
the prediction component 104 can include a candidate pro-
vider to return a potential candidate based on a probability
model and/or statistical data, such as usage frequency, n-gram
models, temporal data, etc.
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Since the other strings having the default input scope val-
ues are not considered for prediction, the amount and time of
processing can be reduced while increasing the speed at
which candidates are ultimately presented to the user. If an
input scope value was not used to refine the potential candi-
dates, and assuming that the candidate window was config-
ured to display only four candidates, the IME 102 may not
have presented “Spokane” due to the five other words begin-
ning with ‘s’ that had recently been added to the input history
store.

FI1G. 3 1s a flow diagram illustrating a process of presenting,
one or more candidates to a user based in part on an 1nput
identifier associated with an input interface, under an embodi-
ment. The components of FIG. 1 are used 1n describing the
flow diagram, but the embodiment 1s not so limited. At 300, a
user interacts with an input interface with the intention of
entering a particular string. As described above, one or more
input interfaces can be associated with an application to
receive user mput. For example, a mobile device user can
activate an mput control by clicking on the control which,
when activated, 1s configured to recetrve the user’s input,
including handwritten, spoken, typed, tapped, pressed, and
other input types according to the device functionality.

At 302, the IME 102 can operate to identily an input
identifier that 1s associated with the input interface currently
in use. In one embodiment, the IME 102 can use an API to
identify an input scope value or values associated with the
input interface, such as an input control or field for example.
An API can also be used to associate, modily, or remove one
or more mput scopes associated with an mput interface. For
example, a user, such as an application developer, can use the
API to tag a selected mput field or control with one or more
iput scope values. An API can also be used to 1dentify an
iput scope class associated with a plurality of mput fields.
Besides using an API to tag a selected mput field, fields can
also be assigned one or more 1mput scope values 1n a resource
or stmilar configuration {ile.

At 304, the user can use an mput device, such as a key-
board, microphone, keypad, stylus, or other input device to
enter a part of a string, such as one or more alphanumeric or
other characters, into the input intertace. As described above,
the IME 102 can also operate to automatically present one or
more candidates absent any input by the user based in part on
the mnput scope value or values associated with the particular
input interface i use and mput history data stored in the
storage component 106.

At 306, the IME 102 uses the prediction component 104 to
identily one or more prefix matching candidates having the
proper input scope value or values using the input history data
stored 1n the storage component 106. In one embodiment, the
IME 102 can first use the prediction component 104 to 1den-
tify any prefix matching candidates using the mput history
data stored in the storage component 106. Thereafter, the IME
102 can operate to filter any prefix matching candidates
according to the input scope value or values 1dentified at 302
and only present prefix matching candidates having the
proper mput scope value or values.

In another embodiment, the IME 102 can be configured to
first filter the mput history data according to the input scope
value or values 1dentified at 302 and then use the prediction
component 104 to identily prefix matching candidates from
the filtered data for an appropriate mnput scope value or values.
Thereatter, the IME 102 can present one or more prefix
matching candidates having the proper mput scope value or
values to the user. In other embodiments, the prediction com-
ponent 104 can be configured to predict one or more candi-
dates using a different type of prediction or statistical model,
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as described above. The IME 102 can also identily one or
more candidates using data from the fixed data store 110
and/or dictionary 112 if there 1s no input scope assigned to the
current input interface or if the current input interface has a
default input scope value associated therewith.

At 308, the IME 102 can operate to present the one or more
identified candidates to the user based in part on the input
scope value or values associated with the input interface. For
example, the IME 102 can operate to present one or more
identified word or phrase candidates as part of a candidate
window (see window 212 of FIG. 2B) 1n an associated device
display. As described above, the IME 102 can also present
candidates having different input scope values when an 1input
interface 1s tagged with multiple 1nput scope values. As an
example, assume that an iput interface, such as an edit con-
trol, 1s tagged with a “city” mput scope value and a *“state”™
input scope value. In such as case, the IME 102 can suggest
city and state names from the input history data that match the
text entered so far. For example, a user might enter “S” into
the input interface having city and state input scope values
and be presented with suggestions of “Seattle” and “South
Dakota”.

At 310, the user can complete and enter a string 11 a desired
candidate 1s not available. For example, a user may enter a
word 1nto the input interface that was not presented in a
candidate window by the IME 102. Optionally, the user can
select a candidate from the one or more candidates presented
by the IME 102. If the user enters a string into the input
interface, at 312, the IME 102 can operate to store the string
and the associated input scope value or values to the mput
history store 108.

If the user selects a presented candidate, at 312, the IME
102 can operate to update statistical data associated with
selected candidate and input scope value or values. For
example, the IME 102 can increase a probability or weighting
factor associated with the selected candidate while reducing a
probability or weighting factor associated with each of the
unselected candidates. Accordingly, the IME 102 can use the
probabilities and/or other statistical information to suggest
candidates. For example, the IME 102 can suggest prefix
matching candidates with higher probabilities before sug-
gesting prelix matching candidates having lower probabili-
ties. Accordingly, candidates with higher probabilities can be
presented higher 1n a list of suggest candidates 1n a candidate
interface.

FI1G. 4 1s a flow diagram 1llustrating a process of presenting,
one or more candidates 1n a second application based 1n part
on 1mput to a first application, under an embodiment. Again,
the components of FIG. 1 are used in describing the flow
diagram of FI1G. 4, but the embodiment 1s not so limited. The
functionality of the IME 102 can be linked to each applica-
tion. For example, a dynamic link library can be associated
with the IME 102 and linked to each application.

At 400, an input field of a first application 1s tagged with an
input scope value. For example, a developer or other user can
use an API to tag the input field with an approprniate input
scope value. An API can also be used to associate a plurality
of input fields with an input scope class. An example API to
tag an input field with an input scope value 1s as follows:

HRESULT SetInputScope(
[In] HWND hwnd,

[1n] InputScope mputscope

);
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The new mnput scope value replaces any previously set
input scope value for an associated mput field.

Another example API that can be used to tag an input field
with one or more iput scope values 1s as follows:

HRESULT SetlnputScopes(

m] HWND hwnd,

1n] const InputScope *plnputScopes,

1n] UINT cInputScopes,

m] LPCWSTR *ppszPhraselist,

1] UINT cPhrases,

m] WCHAR *pszRegExp, //Reserved, NULL

1n W CHAR *pszSRGS //Speech recognition grammar rules
)

At 402, auser mputs and enters data in the mnput field of the
first application. For example, a user may enter an email
address as part of a login operation to a login field of an
application. At 404, the IME 102 operates to identily the input
scope value associated with the input field. For example, the
IME 102 can use an API to identily the input scope value of an
associated input field. An example API to 1dentily an input
scope value or multiple input scope values of an input field or
fields 1s as follows:

HRESULT GetInputScopes(

1n] HWND hwnd,

out] InputScope **pprglnputScopes,
out] UINT *pcCount

);

The API can operate to return a default input scope value 1t
the 1input field has no currently assigned input scope value or
values.

At 406, the IME 102 operates to store the entered data and
the associated mput scope value or values to the 1nput data
history store 108. At 408, an 1nput field of a second applica-
tion 1s tagged with the same input scope value that was tagged
to the 1nput field of the first application. As described above,
an API can be used to tag the mput field of the second appli-
cation with one or more mput scope values. At 410, the user
inputs data to the mput field of the second application. For
example, a user may use soit keys of a keypad to enter one or
more alphanumeric characters 1n the mnput field of the second
application.

At 412, the IME 102 operates to 1identily one or more mput
scope values that may be associated with the input field cur-
rently being used by the user. As described above, the IME
102 can use an API to identily one or more input scope values
associated with the input field having focus. At 414, the IME
102 can use the prediction component 104 and the one or
more 1dentified iput scope values associated with the input
field of the second application to present one or more candi-
dates to the user using data stored in the mput history store
108 which now includes the data entered 1nto the input field of
the first application.

As described above, the IME 102 can refine the presenta-
tion of candidates by only presenting candidates which have
the proper input scope value or values determined at 412.
Correspondingly, the IME 102 1s operable to present the most
relevant candidates to the user for selecting without having,
the user enter the entire candidate string, thereby also reduc-
ing the number of 1input operations. The presentation of the
one or more candidates can be further tuned according to an
associated predictive functionality of the prediction compo-
nent 104.




US 8,010,465 B2

15

While a certain order and number of operations are
described with respect to FIGS. 3 and 4, the order and/or
number of operations can be changed according to a desired
implementation. Accordingly, other embodiments are avail-
able.

Exemplary Operating Environment

Referring now to FIG. 5, the following discussion 1s
intended to provide a brief, general description of a suitable
computing environment 1n which embodiments of the mven-
tion may be implemented. While the mvention will be
described 1n the general context of program modules that
execute 1 conjunction with program modules that run on an
operating system on a personal computer, those skilled 1n the
art will recognize that the invention may also be implemented
in combination with other types of computer systems and
program modules.

Generally, program modules include routines, programs,
components, data structures, and other types of structures that
perform particular tasks or implement particular abstract data
types. Moreover, those skilled 1n the art will appreciate that
the mvention may be practiced with other computer system
configurations, including handheld devices, multiprocessor
systems, microprocessor-based or programmable consumer
clectronics, minicomputers, mainirame computers, and the
like. The 1invention may also be practiced 1n distributed com-
puting environments where tasks are performed by remote
processing devices that are linked through a communications
network. In a distributed computing environment, program
modules may be located 1n both local and remote memory
storage devices.

Referring now to FIG. 5, an 1llustrative operating environ-
ment for embodiments of the invention will be described. As
shown 1 FIG. 5, computer 2 comprises a general purpose

desktop, laptop, handheld, tablet, or other type of computer
capable of executing one or more application programs. The
computer 2 includes at least one central processing unit 8
(“CPU”), a system memory 12, including a random access
memory 18 (“RAM?”), a read-only memory (“ROM”) 20, a
textual store 25, and a system bus 10 that couples the memory
to the CPU 8. A basic input/output system containing the
basic routines that help to transier information between ele-
ments within the computer, such as during startup, 1s stored in
the ROM 20.

The computer 2 further includes a mass storage device 14
for storing an operating system 32, application programs, and
other program modules. The mass storage device 14 1s con-
nected to the CPU 8 through a mass storage controller (not
shown) connected to the bus 10. The mass storage device 14
and 1ts associated computer-readable media provide non-
volatile storage for the computer 2. Although the description
of computer-readable media contained herein refers to a mass
storage device, such as a hard disk or CD-ROM drive, it
should be appreciated by those skilled 1n the art that com-
puter-readable media can be any available media that can be
accessed or utilized by the computer 2.

By way of example, and not limitation, computer-readable
media may comprise computer storage media and communi-
cation media. Computer storage media includes volatile and
non-volatile, removable and non-removable media 1mple-
mented 1n any method or technology for storage of informa-
tion such as computer-readable 1nstructions, data structures,
program modules or other data. Computer storage media
includes, but 1s not limited to, RAM, ROM, EPROM,
EEPROM, tlash memory or other solid state memory tech-
nology, CD-ROM, digital versatile disks (“DVD?”), or other
optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other
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medium which can be used to store the desired information
and which can be accessed by the computer 2.

According to various embodiments, the computer 2 may
operate 1n a networked environment using logical connec-
tions to remote computers through a network 4, such as alocal
network, the Internet, etc. for example. The computer 2 may
connect to the network 4 through a network interface unit 16
connected to the bus 10. It should be appreciated that the
network interface unit 16 may also be utilized to connect to
other types of networks and remote computing systems. The
computer 2 may also include an input/output controller 22 for
receiving and processing input from a number of input types,
including a keyboard, mouse, keypad, pen, stylus, finger,
speech-based, and/or other means. Other input means are
available including combinations of various input means.
Similarly, an input/output controller 22 may provide output to
a display, a printer, or other type of output device. Addition-
ally, a touch screen or other digitized device can serve as an
input and an output mechanism.

As mentioned briefly above, a number of program modules
and data files may be stored in the mass storage device 14 and
RAM 18 of the computer 2, including an operating system 32
suitable for controlling the operation of a networked personal
computing device, such as the WINDOWS operating systems
from MICROSOFT CORPORATION of Redmond, Wash.
for example. The mass storage device 14 and RAM 18 may
also store one or more program modules. In particular, the
mass storage device 14 and the RAM 18 may store other
application programs, such as a word processing application
28, an 1mking application 30, e-mail application 34, drawing
application, browser application, etc.

It should be appreciated that various embodiments of the
present mvention can be implemented (1) as a sequence of
computer implemented acts or program modules running on
a computing system and/or (2) as interconnected machine
logic circuits or circuit modules within the computing system.
The implementation 1s a matter of choice dependent on the
performance requirements of the computing system 1mple-
menting the invention. Accordingly, logical operations
including related algorithms can be referred to variously as
operations, structural devices, acts or modules. It will be
recognized by one skilled in the art that these operations,
structural devices, acts and modules may be implemented 1n
soltware, firmware, special purpose digital logic, and any
combination thereof without deviating from the spirit and
scope of the present invention as recited within the claims set
torth herein.

Although the invention has been described 1n connection
with various exemplary embodiments, those of ordinary skall
in the art will understand that many modifications can be
made thereto within the scope of the claims that follow.
Accordingly, 1t 1s not intended that the scope of the invention
in any way be limited by the above description, but instead be
determined entirely by reference to the claims that follow.

What 1s claimed 1s:

1. A system to provide one or more candidates comprising;:

a memory component including;

an 1nput history store having stored input data and input
identifiers associated with the mput data that com-
prise mput scope values; and,

an mput method editor (IME) 1n communication with the

memory component, the IME including;

a prediction component operative to i1dentily one or
more potential candidates stored 1n the memory com-
ponent based in part on zero or more input characters
and a prediction determination, wherein the IME 1s
operative to 1dentify the one or more candidates from
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the one or more potential candidates based 1n part on
an 1nput 1dentifier associated with an mput interface
currently 1n use.

2. The system of claim 1, wherein the prediction compo-
nent 1s further operative to predict the one or more potential
candidates by i1dentiiying one or more prefix matching can-
didates based in part on one or more mput characters and a
prefix matching operation.

3. The system of claim 1, wherein the IME 1s further
operative to present the one or more candidates in a candidate
interface associated with an application 1nput field.

4. The system of claim 3, wherein the IME 1s further
operative to present the one or more candidates associated
with a first input field of a first application based in part on an
input to a second mput field of a second application, wherein
the first input field includes an 1dentical number and type of
input scope values as the second input field or a superset of the

iput scope values that are associated with the second 1mput
field.

5. The system of claim 1, wherein the memory component
turther includes a fixed data store having one or more fixed
data sets, and a dictionary, wherein the IME 1s further opera-
tive to suggest the one or more candidates from the fixed data
store and the dictionary.

6. The system of claim 1, wherein the IME 1s further
operative to use an application programming interface (API)
to 1dentily one or more input scope values associated with an
application input field.

7. The system of claim 1, wherein the IME 1s further
operative to use an API to 1dentily an input scope class asso-
ciated with a plurality of application mput fields.

8. The system of claim 7, wherein the IME 1s further
operative to automatically populate the plurality of applica-
tion 1nput fields with one or more presented candidates using,
a class instance stored 1n the input history store.

9. The system of claim 1, wherein the IME 1s further
operative to store an input string to the input history store with
a default mnput scope when an mnput field includes a plurality
ol associated imput scope values.

10. The system of claim 1, wherein the IME 1s further
operative to store an input string to the input history store with
a collection of input scope values when an imnput field includes
a plurality of associated input scope values.

11. The system of claim 1, wherein the IME 1s further
operative to store a collection of mput strings to the mput
history store as an instance of an mput scope class when an
input form includes a plurality of input fields, and where each
input field 1s assigned one or more 1input scope values accord-
ing to an mput scope class definition.
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12. The system of claim 1, further comprising an applica-
tion having one or more mput fields, wherein each mput field
includes one or more associated 1nput scope values.

13. A computer readable storage medium including execut-
able 1nstructions which, when executed, present one or more
candidates by:

receving user input to a first mput interface of a first

application;

identifying an input identifier associated with the first input

intertace of the first application;

storing the user mput and the identified input i1dentifier
including an entered string with a plurality of 1put
scope values associated with an mput field;

receving user mput to a second mput interface of a second

application;

identilfying an mput 1dentifier associated with the second

input interface of the second application;

predicting one or more candidates based 1n part on a pre-

diction model, the user input to the second 1mnput inter-
face and previously stored input data; and,

suggesting one or more candidates from the one or more

predicted candidates based in part on the 1dentified input
identifier associated with the second input intertace.

14. The computer readable storage medium of claim 13,
wherein the instructions, when executed, are further operative
to 1dentily an imnput scope class associated with a plurality of
input fields.

15. The computer readable storage medium of claim 14,
wherein the instructions, when executed, are further operative
to automatically populate the plurality of input fields with an
instance of the identified mput scope class based 1n part on a
selection of the one or more presented candidates.

16. A method of suggesting one or more candidate strings
based 1n part on a user input, the method comprising:

defining an 1nput scope class that includes a plurality of

input scope values for a plurality of input fields;
determiming an input scope value associated with an input
interface;

identifying one or more prefix matching candidate strings

using zero or more characters mput to the mput inter-
face;

filtering the one or more prefix matching candidate strings

based 1n part on the input scope value to 1dentify the one
or more candidate strings; and,

presenting the one or more candidate strings 1n a candidate

interface.

17. The method of claim 16, further comprising storing an
entered string and the associated input scope value to storage
for use 1n subsequent prediction operations.
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